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論文内容要約 
体腔内イメージングのための前方視プローブCMUT 
Coronary heart diseases and cancer are now leading global causes of death worldwide, accounting for 17.3 million (2015) 
and 8.2 million (2012) deaths, respectively. Currently, diagnosis of coronary heart diseases (blockages of coronary artery) is 
performed by X-ray imaging which does not provide sufficient images of the coronary artery and is also harmful for both the 
operator and patient as it employs ionizing radiation. Fine needle aspiration (FNA) is a minimally invasive biopsy procedure to 
detect cancer in tissue just under the skin, such as thyroid or breast cancer. X-ray and PZT-based noninvasive ultrasound 
guidance are commonly used techniques for this diagnostic procedure. Needle (Ø: 20-27 gauge) placement in the target area 
with these two large scale imaging systems has an improper tissue sampling ratio and is a complex operation with low image 
resolution. For these reasons, early diagnosis of stenosis of a coronary artery and precise tissue sampling from the site for 
subsequent exanimation with current technology is difficult due to insufficient image quality. A miniaturized forward looking 
ultrasonic endoscope inserted into a blood vessel or a forward looking ultrasonic endoscope with attached biopsy needle with 
high image resolution is useful and safer tools for intravascular ultrasound (IVUS) imaging and FNA. In recent years, 
catheter-based intravascular imaging with a capacitive micromachined ultrasonic transducer (CMUT) has attracted attention 
due to its advantages of micro-electromechanical systems (MEMS)-based fabrication and packaging technology with a wider 
bandwidth, higher sensitivity and better image quality. This thesis describes the design, fabrication, and characterization and 
packaging of two types of forward looking miniaturized CMUT endoscope developed using anodic bonding technology: a ring 
array and a linear array for IVUS and FNA, respectively. The fabrication and packaging of CMUT arrays patterned on low 
temperature co-fired ceramic (LTCC) were evaluated. LTCC is an anodically bondable multilayered ceramic which includes 
inner wiring (lateral and horizontal) made of Au rather than only a vertical conductive interconnect used in through-wafer via 
(TWV) technology for tight integration of CMUT and electronics. Fabrication parameters of CMUTs were first determined by 
simulation (Comsol Multiphysics) and theoretically, and then compared with experimental results of fabricated devices. The 
first experimental result of this study demonstrates the operation of CMUT devices fabricated on LTCC substrates. CMUT 
device fabrication was investigated using custom-designed LTCC substrates with high-density via structures. The resonance 
frequency of the CMUT device was measured as 2.88 MHz and membrane displacement was 10.3 pm. Anodic bonding was 
evaluated for three different CMUT designs with respect to impedance measurements. By consideration of via fabrication 
errors and mechanical alignment errors during bonding alignment, a CMUT cell with a diameter of 64-μm was determined to 
be minimum device diameter for a device fabricated on a custom-designed LTCC wafer. A high frequency CMUT for medical 
application can be fabricated using a thicker membrane and a larger Si membrane without alignment error due to variation of 
the LTCC via position. Regarding packaging, generally the backside of a fabricated device is used for integration with 
electronics. In this study, it was shown that the lateral side of a CMUT device (lateral via) for electrical connection of a CMUT 
arrays inside the cavity and integrated circuits (IC) make small-sized tube-shaped CMUT endoscope packaging possible. A 
lateral via structure of LTCC was formed by micromachining of the fabricated device. A biocompatible and machinable solid 
polyimide mounted on the back of a CMUT was used as an intermediate substrate rather than a flexible substrate for 
communication of CMUT and electronics. An integrated circuit (IC) was mounted on bonding pads on the polyimide substrate 
by flip-chip bonding. Connections between the LTCC-side via and IC circuits were achieved by an electrode patterned on the 
polyimide and LTCC-side via. Flip-chip bonding was evaluated by bond resistance measurement, the result being quite 
promising compared with result of previous studies. 
Finally, it is expected that CMUT fabrication and packaging using LTCC and LTCC-side via described in this thesis will 
serve as a useful tool for further miniaturization and optimization of a functional CMUT-based endoscope with reliable 
fabrication and a packaging process realized by a 3D LTCC architecture. 
 
  
